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ABSTRACT

Purpose and Objective of Program

This Screening Evaluation Test Program wos conducted to evaluate the effects of
screening upon fixed ceramic dielectric low voltage capacitors by supplying
failure data and porameter degradation data.

To accomplish this end, two groups (screened and unscreened) were subjected to

a 10,000~hour life test with periodic measurements of critical capacitor parameters.
Statistical comparisons between the groups were made based upon the periodic
measurements to reveal differences in their parametric behavior. Since the groups
were treated identically in the test program, the cause of these differences can
validly be assumed to be due to differences in treatment prior to the life test, thus,
to the screening process which one group experienced but the other did not.

ldentification of Test Samples

The total test sample lot of 400 capacitors, Type CKO6CW103K, manufactured by
Vitramon, was received from JPL with the lot divided equally into two (2) Groups
designated P and C. The test samples were then numbered as follows:

GrouE Snecimen Numbers
P 1-200
C 201 - 400

Tests Performed

The test samples were subjected to the following tests in the sequence indicated:

(1) Test Sample Grouping (Performed by JPL)
(2) Test Sample ldentification

(3) Visual Inspection

(4) Initial Electrical Parameter Measurements

(a) Capacitance
(b) Dissipation Factor
(c) Insulation Reslstance
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(5)
(6)

Life Test - 10,000 Hours

Electrical Parameter Meosurements after 50, 168, 334, 504, 1008, 2000,
3000, 4000, 5000, 6000, 7000, 8000, 9000, and 10,000-hours of the
Life Test.

After each electrical parameter measurement, the test data waos subjected to the required
statistical analyses.

The life test was conducted on all samples at rated voltage and at a temperature of
100°C. Each sample was monitored with a series connected fuse leading directly to a
battery DC voltage supply capable of supplying greater than four (4) amperes of current.
Charging and discharging of test samples was conducted with current limiting resistors
allowing less than 50 ma of current. Measurements during the life test were conducted
by removing the test samples from the life test boards.

IV. Statistical Analysis

The following figure detatls the steps of the test program and the corresponding types
of data analysis submitted at each step.

DATA ANALYSIS FLOW DIAGRAM

initial CSS LJ50Hr. L] CSS | j168Hr. || CSS || 335 Hr -
Meas. Meas. TC Meas. TC Meas,
css | 12000 Hr.} | CSS | 11008 Hr. CSS | [S04Hr.| | CSS
TC Meas. C Meas. [| TC []| Meas. || TC
3000 Hr. a CSs | |4000Hr.| | CSS {5000 Hr. | CSS 6000 Hr.
Meas. TC Meas. TC Meas. TC [ | Mees.
CSS | |9000 Hr.| | CSS | |8000Hr. | CSS | |7000 Hr,) [ CSS
TC Meas . 1C Meas. TC Meas. TC
. )
I0,000Hr.__ Final
Meas. Analysis

iv
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Note:
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CSS - Computed Statistics Sheets
TC - t-Computations

*Final Analysis Data

(a) CSS

(b) TC

(c) X versus Time, Graphical Representation
(d) Life Test Computations based on X's

(e) Reliability Estimates and Comparisons

Fatlure Definition

A.

Catastrophic - A catastrophic failure is defined as a shorted or open capacitor.
A capacitor is considered shorted when it blows two consecutive 1/16 amp fuses
during the life test. A capacitor is considered open when during the electrical
parameter measurements an extremely low or zero capacitance measurement is
indicated.

Parametric = A parametric failure is defined os capacitance less than 9,000 pf

or greater than 11,000 pf, dissipation factor greater than 2.5%, and insulation

resistance less than 100K megohms.

Test Results and Conclusions

A,

No catastrophic or parametric fallures occurred during the 10,000~hour life test
program.

There was a definite overall downward drift in all three parameters from initial
to 10,000-hours with an accelerated decline in parametric value between 8000
and 10,000-hours.

Both groups reacted significantly to the first 50-hour temperature burst and again
at the 500~hour point in the life test. For all parameters, stabilization did not
seem to occur until the 1000-hour point had been reached. After this point,

the parameter means for both groups tended to drift closer together and stabilize
to the 5000-hour point,
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D. There is evidence to support the conclusion that the instability of the parts was
caused by one or a combination of two factors: (1) Physical characteristics of

} the components; or, (2) the repeated removal of the components from temperature
ond ollowing them to retum to room temperature for measurement. |In effect, the
parts may have been temperature cycled over the short time period between initial

} and 500~hours due to this factor.

E. There was a deflnite significont difference between Group P and Group C for
} Capacitance and DF, between initial and 10,000-hour measurements. While
both groups drifted together In the same direction during life test, Group P
returned to its initial value, while Group C ended significantly lower. This fact
was due to the higher inltlal reading of Group C, indicating that post-screening
measurements may be more indicotive of parameter readings at 10,000-hours than
! pre-screening or non-screened initial measurements.

vi
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I.  PURPOSE

This Screening Evaluation Test Program was conducted to evaluate the effects of
screening upon fixed ceramic dielectric low voltage copacitors by applying foilure
data and parameter degradation data and statistically analyzing the results.

! INTRODUCTION

1. STARY DATE

29 June 19564

. COMPLETION DATE

I 5 November 1965

IV. TESTING FACILITY

Preston Scientific Incorporated
Test Laboratory Division
Ancgheim, California

V. DISPOSITION OF TEST SAMPLES

Retumed to JPL at conclusion of all testing.

Page 1
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VI. DRAWING, SPECIFICATION OR EXHIBIT

(o)

(b)

(c)

(d)

(e)

(f)

(a)

JPL Specification No. 152-20-01/3, approved Test Program Plan, pages 1-13,
and as amended by Modification No. 2, JPL Contract 950864.

JPL Specification No. 152-20-01/3, Statistical Analysis, as amended by
Modification No. 2, JPL Contract 950844.

JPL Specification No. 152-20-01/1, Capacitor Screening Evaluation Test
Program, Detail Specification, dated 22 January 1964.

JPL Specification No. 152-20-01, Capacitor Screening Evaluation Test
Program, General Specification, dated 23 Jonuary 1964,

JPL Specification No. ZPP-2040-GEN A, General Specification, Computation
and Submittal of Component Test Statistics, 19 July 1963.

JPL Specification No. ZPP-2098-GEN, General Specification, Preparation
and Submittal of Final Test Report on Component Part Test Programs, 8 January
1964,

Massey, F.J., "The Kalmogorov-Smirnov Test for Goodness of Fit", American
Statistical Association Journal, March 1951, pages 68-78.

Page 2
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DESCRIPTION OF TEST ITEMS

4 —— e

MANUFACTURER

Vitramon, Incorporated

TYPE/MODEL NUMBER

Fixed Ceramic Dielectric Capacitor
Type CK 06CW103K

RATINGS

(1) Capacitance: 10,000pf £ 10%

(2) Dissipation Factorr 2.5% maximum

(3) lInsulation Resistance: 100K megohms

(4) Working Volts DC: 200V

(5) Environmental: minus 55°C to plus 150°C
(6) Cose Style: molded, radial leads

(7) Case Dimensions:

Lead Length - 1-1/4 inches minimum

Height - .300 inches maximum
Width = .300 inches maximum
Depth = .100 inches maximum

Page 3
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DESCRIPTION OF TEST PROGRAM

1.0 TEST DESIGN

the test program.

FIGURE 1: FLOW DIAGRAM

Group P Group C
I 200 Units 200 Units
S/N 1 - 200 S/N 201 - 400
F Visual Inspection Visual Inspection
I LIFE TEST
i 0 Hour Measurement Period
50 Hour Measurement Pericd
168 Hour Measurement Period
336 Hour Measurement Period
504 Hour Measurement Period
l 1008 Hour Measurement Period
2000 Hour Measurement Period
3000 Hour Measurement Period
4000 Hour Measurement Period
5000 Hour Measurement Period
6000 Hour Measurement Period
7000 Hour Measurement Period
8000 Hour Measurement Period
9000 Hour Measurement Period
10,000 Hour Measurement Period

CALIFORNIA

A total of 400 test samples were received from JPL with the lot divided equally into
two (2) Groups designated P and C. The test samples were then identified with
specially printed high-temperature wire markers (Brady Type B-400 Micro Marker)

applied to the body of each test sample. These markers remained legible throughout

The Flow Diagram of Figure 1 below indicates the tests that were conducted and the
sequence in which they were performed.

Page 4

It



|

—TEST REPORT

2.0

2.1

2.2
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The life test was conducted for a period of 10,000-hours at a temperature of 100°C
with 200 VDC applied. The applied voltage was that specified in the published
ratings. The life test temperature, however, was under the manufacturer's rating of

150°C.

The three electrical parameters, measured at each measurement period, are indicated
below.

(a) Capocitance

(b) Dissipation Factor
() Insulation Resistance

MEASUREMENT PROCEDURES

Visual Inspection - All test samples were subjected to a visual inspection under an

illuminated magnifying glass. Each sample was examined for evidences of poor
workmanship, dented cases, broken or corroded lcads, and any other visual defects.
The defects, if any, were recorded and the dota submitted to JPL for disposition.

Electrical Parameter Mzasurement - All electrical parameter measurements were made

in an air-conditioned and dust free area malntained at 25°C * 1°C. The steps of the
measurement process were as follows:

(0) Measurement of capacnonce and dissipation factors on a General Radio
Modei 716-C Capacitance Bridge. The operator hand recorded the data
on JPL Form No. 1494,

(b) A second measurement of capacitance and dissipation factor on a second
measurement set up as described above was made.

(c) Measurement of insulation resistance on an Industrial Instruments Model
L-7 Megohmeter. The operator hand recorded the data.

(d) A second measurement of insulation resistance on a second measurement
set up as described above was made.

Page 5
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Capacitance Measurement - Each sample, in tumn, wos connected directly to the

capacitance bridge terminals, see Appendix ll. Short metal clips were used at the
bridge terminals to facilitate lead attachment. The bridge was excited with an AC
voltage not exceeding 2 volts rms at 1000 cps. The voltage was maintained within
£0.25 volts during measurements throughout the test program. Capacitance was
measured and recorded to at least four (4) significant figures.

Dissipation Factor Measurement ~ During the capacitance measurement and under the

some conditions, the dissipation factor was measured and recorded to three (3)
significant figures.

Insulation Resistance Measurements - Each sample, in tum, was connected to an

Insulation resistance setup as shown in Appendix 1. The test setup was energized
with 200vdc. Each capacitor was charged through a current limiting resistor for the
electrification time of two (2) minutes. Insulation resistance was measured and
recorded to at least four (4) significant figures within the limitations of the range of
the megohm bridge. The upper range of the megohm bridge is 5000 K megohms.

Test Equipment -~ The test equipment was of sufficient accuracy, quality, and quantity

to permit performance of tests and measurements within the tolerances specified. The

test equipment used in this test program is listed in Appendix 1. All test equipment
was calibrated prior to the initial tests by the Preston Scientific Calibration Labora-
tory. During the test program the parameter measuring instruments were checked
agalnst standards on a norma! recclibration schedule and also prior to each measure-
ment period. During recalibration the instruments were not adjusted to change
measuring tolerances without the prior approval of JPL. The same instruments were

used to measure the same test samples throughout the test program.

Measurement Accuracy

Copacitance - 0,2%

Dissipation Factor = 2% for a DF of .025 or greater and .0005 for a DF
smaller than .025.
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3.0 LIFE TEST PROCEDURE

The total of 400 parts were subjected to the 10,000-hour life test. This total test
sample lot consisted of 200 parts in Group P and 200 parts in Group C. Both groups
were installed In one test chamber to insure equal test conditions. Eaoch part was lead
mounted by means of specially designed spring clips which did not deform the leads.
These spring clips were insulated from anodized aluminum terminal boards by teflon
inserts. Two rows of 51 positions, each position uniquely identified, comprised a rack.
These racks were installed into the temperature chamber, All of the intemal wiring
from the terminals on the board to AN connectors on the front door panels were teflon
insulated. Power to the parts was applied through the AN connectors.

The method of power application is indicated in Appendix II. The voltage source was

a series bank of high capacity batteries. Batteries were used to eliminate the passibility
of voltage transients and surges. The batteries were recharged during the electrical
parameter measurement periods of the life test or a slow trickle charge was applied as
required. The fuses used during the life test were fast-acting type fuses rated at 1/16
amperes. A high-resistance potentiometer to limit the initlal charge current to 50 ma

or less was connected in series with the battery supply line. After voltage application,
the potentiometer resistance was slowly decreased to zero in a period not less than 15
seconds. With the potentiometer at zero, the voltage source supplied a short circuit
current limited only by the wiring resistance. Source and wiring resistance wos less
thon 0.3 ohms per volt. With minimum resistance In the circuit, when a capacitor shorts
ond blows the series fuse, the effect on adjacent capacitors was minimized. After the
capacitors were installed in the chamber as previously specifisd, 200 VDC was slowly
applied. All fuses were then checked. The chamber temperature was increased to
100°C in a period of 2+ 1/2 hours. All fuses were again checked. The above conditions
were maintained for 10,000-hours except during the electrical parameter measurement
periods when the chamber temperature was slowly decreased to room ombient temperature
in 2 hours £ 1/2 hour and the parts removed for measurement. Measurements were taken
after the parts were stabilized at room amblient temperature for at least six hours.

After measurement, the parts were restored to their original positions in the chamber

and the test resumed. The electrical parametar measurement tests were conducted after
an elapsed time of 50, 168, 336, 504, 1008, 2000, 3000, 4000, 5000, 6000, 7000,
8000, 9000, and 10, 000-hours of the life test.

During the life test, the voltage opplied to the capacitors was measured and recorded

a minimum of once each day. During this same period, each fuse was examined for
evidence of shorted capacitors.
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i 4.0 RECORDING OF DATA
The three electrical parameters were measured and recorded on hand-written data
sheets at every measurement step. Data sheets were supplied by JPL(Form No. 1494)
using the 80 column method of recording data.
The format for the recording of data was as follows:
Columns Usage
1-2 JPL Test Code (19) supplied by JPL
3-5 Component Code (001) supplied by JPL
é Type of Test Code (3)
7-8 Group Code (01-P, 02-C)
910 Temperature Code (Blank)
11 =12 Group Measurement Number (01 - 15)
13 Number of Parameters (3)
14 Number of Last Field (5)
15 Number of Cards (Blank)
i 16 Number of this card (Blank)
17 Data Form Code (1)
18 - 20 ltem Number (001 - 200 or 201 - 400)
21 -25 1st Data Field (Capacitance in milli=microforads)
26 - 30 2nd Data Field (Blank)
31-35 3rd Data Field (Disslpation Factor in percent)
36 - 40 4th Data Field (Blank)
41 - 45 5th Data Field (Insulation Resistance in K megohms)
4 -70 Additional Fields (Blank)
71 Failure Code (0 - 2)
72 - 80 Blank
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5.0 DATA VERIFICATION

The following steps were used in the measurement of each test sample:

(1) The somple was meosured on all parometers and the readings recorded
in decimal form in the format specified above.

(2) A second Independent reading was made by o second technician on a
duplicate set of test equipment for all parameters. These readings were
recorded in the same format as specified in step (1).

3) The two sets of readings were compared by an engineer to check for
agreement within the accuracy of the test equipment. If agreement
existed, the value made in step (1) was comsidered verified and correct.
If agreement did not exist, the sample was resubmitted to steps (1), (2),
and (3) until agreement was obtained. The recorded readings were also
checked for any tllegible or questionable numbers which could lead to
errors.

6.0  FAILURE VERIFICATION

6.1 Cafastmw’ ~ A catastrophic foilure Is defined as a shorted or open capacitor. A
copacitor was consldered shorted if It blew twe contecutive 1/14 ampere fuses during
the life test. A capacitor was considered open when during electrical parameter
measurements an extremely low or zero reading was indicated. The catastrophic failures
were to be removed from the test only during the electrical parameter measurements'
tests which were conducted under room ambient conditions.

6.2  Parametric = A parametric fallure is defined as a capacitance less than $000pf or
greater than 11,000pf, dissipation factor greater than 2.5%, and insulation resistance
less than 100K megohms. Parametric failures were to be removed from the test only
if so directed by JPL.
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DATA ANALYSIS PROCEDURES

Data Analysis Flow Diagram - Figure 2 detalls the steps of the test program and the
corresponding types of data analysis submitted at each step. The items on the Figure
ond the sections in which they are discussed are as follows:

(a) Computed Statistics Sheets (CSS) - 7.3.1
(b) t-Computations (TC) - 7.3.2
(c) Final Life Test Analysis - 7.4

+

Data Submission Schedule = Computed statistic sheets and t~computations were
submitted within one (1) week after completion of the test data accumulation for o
specific measurement perlod. Parametric failure analysis sheets were to be submitted
only in the final analysis.

Detailed Data Analysis Procedure

7.3.1Computed Statistics Sheet (CSS) - The computed statistics sheet is o means of providing

descriptive measures of the nature of a body of data both as to its present characteristics
and also to the degree and significance of any changes which may have taken place

in its characteristics since some eariier point in time {usually taken as the preceding
measurement point). The computed statistics sheets were prepared in strict accordance
with Reference (). The sheet itself is a 8~1/2" x 11" size sheet presented in the exact
format of Refarence (o), Table . A sample sheet was made available to JPL prior to
the first measurement period for JPL approval.

7.3.1.1 Bodies of Data for which CSS Applies - A CSS was prapared for each Group (P and C)

and parameter at each time so indicated on Figure 2 (shown on the following page).
There were fifteen (15) such times in the program. CS$S sheets were prepared each time
making 90 sheets submitted to JPL during the course of the program.
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FIGURE 21 DATA ANALYSIS FLOW DIAGRAM

il ] | B
+ - 504 Hogr - 4000 Heur 8000 Mour T
Measurement Measurement Measurement
N 1 _ 1 _
M B
' CSss —I | CsS —, l Css -—:
3 TC | 3 T | 3 1C B
—_— _ — —_—
L T
1008 Hour 5000 Howur 9000 Hour
Measyrement Measurement Measurement
1 1 .
[ 11T [ ]
‘ CsSs ’ | CSS I I CsS l
TC TC TC
L ] L_...T___l -
2000 Hour 6000 Hour 10,000 Hour
Measurement Measurement Measurement
1 e D e
[ 1y IR 7
' CSS ‘ ' CsS I l CsS |
T TC TC
L _ L._T____! -
336 Hour 3000 Hour 7000 Hour Final Life _]
Measurement Measurement Measurement ' Test Analysis I
_L ’ L
—_— —_— _— 1 _—
[ B 1 T 1
‘ CsS l | Css I l Cés I
TC TC T
L )
) | )

Page 11



i —TEST REPORT

05 EAST CERRITOS AVENUE ¢ ANAHEIM, CALIFORNIA

7.3.1.2 Cumulative Nature of the Sheet - Each CSS for an Individual group was cumulative

in nature, i.e., each time a CSS sheet was submitted it contained on it all previous
CSS calculations made upon prior steps as well as those made upon the most recent

step. In this way a picture of trends and developments within the group from initia-
tion of the test to any given step were readily available.

7.3.1.3 Data Used - The data used in the preparation of a CSS was the parameter values of
the noncatastrophic devices in the group, also the totality of parameter values which
were made upon the devices which were noncatastrophic in the immediately preceding

measurement step.

x‘,:z"n
X;o,i=1,n
Yiei=1,n

U

M

"5

7.3.1.4 Statistics Computed - The following notation was utilized:

the lost parometer measurement made upon the ith device in
the group of original size n

the parameter value of the ith device made in the step
immediately preceding the step in which X; was made

the difference between X; and X‘O' i.e., Yi =X - xiO
the upper specification limit of the paromater for devices
in the group

the lower limit of the parameter for devices in the group

the number of noncatostrophic devices in the group during
the most recent measurement step

the number of noncatastrophic devices in the group during
the immediately preceding measurement step

The fifteen (15) quantities of TABLE 1, Column 1, were computed and tabulated
upon the CSS at each step. The respactive notation used for each is given in TABLE
;, Column 2. Summations include only noncatastrophic devices.

Page 12



TABLE 1: CSS STATISTICS

Column 1 Column 2
Statistic Computed Denoted By
1. Mintmum _X] ' Minimum
n X
2. MeanofX;, 1=1,n: X = Z J Mean
=1 M
3.  Maximum X; " Maximum
4,  Standord Deviation of X: Standard
n (x - 2)2
SR = Z
n in] = 1)
5.  F ratio for Comparing Variances: F
n
L - %
F = (n] - ‘)
< 2
é‘ (Xio = xo)
(ms=-1)
6. Minimum Y; Minimum D
- n Y‘
7. Meanon‘,i=|, nt Y= z Mean D
i=1 M
8. Maximum Yi Maximum D
9.  Stondard Deviation of Y: Standard D

= v
¥ Zn1(n|-1)
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TABLE 1: CSS STATISTICS (Continued)

Column 1 Column 2
Statistic Computed Denoted By

10.  “Percent® Change: PC

P.C. = Y (100)

X

11.  t Value for Testing Hypothesis Mean D = O: t

IR
12.  Number of Parts Being Measured in Present Step No
13. Numberof X;'s = U Ny
14,  Numberof Xi's < L N
15.  Number of Catastrophic Failures N,
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7.3.1.5 Presentation of Statistics ~ The statistics were presented in the format of Table 2,
This Table is identical to Reference (e), Table 1. At the top of the page are found
the JPL test number, vendor name, part number, the parometer being measured, the
unit used in the measurement, and finally, the nominal value ond upper and lower
limits. In order to obtain the necessary number of significant digits, a power of ten
multiplier wos used to shift the decimal point. The value of this multiplier was given
as shown in Table 2 on the following page. The column headings in Table 2 are
those defined in Table 1. The step numbers were 1 through 15, corresponding to the
fifteen (15) measurement periods of the test, Step No. 16 being the final analysis line.

‘ 7.3.1.6 Significant Values - Statlstics 1, 2, 3, 6, 7, and 8 were four significant diglts where

|
?5.

possible with a sign and a decimal. The position of the decimal is flexible. Statistics
4 and 9 were five significont digits with a decimal. Stetistics 5, 10, 1}, 12, 13, 14,
aond 15 were as given In Table 2. If statistic 5 or 11 exceeded 1000.000 in absolute
magnltude, the value was recorded as +999.999 or as -999.999 as appropriate.

7.3.1.7 Submittal of Computed Statistics Sheets - After all statistics had been computed, a
separate CSS was submitted to JPL (within the one week requirement) for each group
and parameter making a total of 90 CSS's. Each CSS contained the statistics on all
measurements made up to the time of submittal. Four (4) coples of the C5S's were
submitted each time. ’

7.3.1.8 Initial Measurement Differences - For initial measurements, Y; does not exist since
there have been no preceding measurements. Thus, F, Min D, Mean D, Max D,

Std D, P.C., and t were set equa! to zero for Infti

7.3.2 t+=Computations (TC) - t~Computations were made to test for differences in parametric
stability between Groups P and C. A computation was made on successive changes
in parametric value at fourteen (14) periods during the program as shown in Figure 2.
The t-computation was made and submitted in strict accordance with Reference D,
section 7.3.

Page 15




aup sishjouy [ouyd - 91 deis

Page 16

300¢| 300¢ | 200¢ | Y00¢ | Y00C" Y00CF | 30 YOF | 00C" XXF | XX XXF | XX XXF | XX* XKF 3000 Y00 | XX XXF| XX XXF| XX XXF| XX* XXF

SINOH G 5@ 341 ~ T deis

0| Y00¢ | Y00¢ | Yo0¢ | 000°000F| 00°00F | 000°00F |000°00F | 00°00¥ 00°00F | 000°000F| XX XXF| XX XXF| XX XXF| XX*XXF

SjUBWISINSDAY |DIIUY = | daig

U J : . : L) . Q o Q 0

N NN ON i 3'd | piopunyg | wnwpoy| uospy | wuuyw 4 PIOPUDIS |WAWIXOW| UDSW | WU
(XXXX) hwiq seddn (XXXX) Huy] om0 (XXXX) @nJoA [oUluWON (XXXX) $un (OO0 s2duinw
(XX) dno1 (XXXX) 19qunN Hod (XXXX) 10pus A (XXXX) "ON 4521 1dl

133HS DILSILVLS QIINdWOD T 3TVl

e s S B e . . —————



I TEST REPORT

805 EAST CERRITOS AVENUE  ANAHEIM, CALIFORNIA

N e =

7.3.2.1 Formulae = The formulae for quantities calculated are as follows:

-

Arc

¢ =
P :7(Std Dp)2 + (Std D)2
where PC = Meaon DP - Mean D c

and where the quantities Mean D and Std D are defined in TABLE 1 of this document,
quantities 7 and 9.

- o 4

7.3.2.2 Presentation of [\ Values and t Values - The A\ values and t values were presented
as shown in 1ABLE 3 with each value having three diglts to the right of the decimal

point,

Mfg. Vitramon Type No. CKO6CWI03K

Hours of Life Test

Parameter A t

Capacitance

Dissipation Factor

Insulation Resistance

TABLE 3: t-COMPUTATION TABLE

Such a table was submitted at each measurement step in the life test along with the
CSS's.
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Final Life Test Analysis = At the completion of the test program and In accordante
with the schedule, a final analysis is presented, which includes the following
statistical data:

(a) Final analysis line of computed statistic sheets
(b) Final t-computations

(<) Graphical representation: X versus Time

(d) Life test computations based on X 's

Final Analysis Line of Computed Statistics Sheets ~ At the completion of the life
test, the fifteen (15) statistics of the C5S were computed again. The readings used
were those taken immediately preceding the life test (Step 1), and the readings token
after removal of the parts from life test at 10,000-hours (Step 15). This final row of
data on the computed statistics sheets is entitled "Final Analysis".

Final +-Computation ~ A final t-computation is submitted utilizing the statistics
calculated on the computed statistics sheets (CSS), for the last row entitled Final
Analysis.

Graphical Representation: X Versus Time - Using the means of the readings from the

at each measurement interval, a graph was made plotting the means for each
Group P and C on the same piece of graph paper using time as the abscissa. The
means of Group P are connected with a solid line, those of Group C with a dash line.
A graph was made for each of the three measured parameters.

Life Test Computations Based on the X ‘s - Define the following quaniities. Let Xj,
X2, . ... ... , X15 be the {ife test means.
ISZ X? - (
z —
D = Xi- Yls
. s = D
Z

These quantities were computed for each graph and group, making six sets in all.
They are placed in the upper left corer of the graph from which they are derived.

Page 18



I TEST REPORT

1.0

2.0

3.0

3.1

3.2

805 EASYT CERRITOS AVENUE o ANAHEIM, CALIFORNIA

TEST RESULTS

Visual Inspection conducted prior to any testing revealed no visual defects on any
sample of the total test sample lot.

CATASTROPHIC FAILURES

No catastrophic failures occurred during the test progrom.

PARAMETRIC FAILURES

No parametric fallures occurred during the test program.

DESCRIPTION OF PARAMETRIC DRIFTS DURING LIFE TEST

Group P - For all parometers of Group P, significant changes occurred throughout the
test. In general, a large significant chonge occurred from initiol mecsurement through
50-hours of life test. The parameter per cent change significant statistics decreased
substantially at the 168~hour measurement point and again increased greatly through the
336~hour, and 504~hour mecsurement point. From the 1008-hour measurement to the
5000~hour, the test specimens seemed to stabilize, as indicated by the decreasing
significance of the t statistic, Std D, and mean difference values on the CSS sheets to
that point. However, from the 5000 to 10,000-hour point, all parameters tended to
drift downward significantly, while still remaining within specified tolerance limits.

Group C - As In Group P, Group C experienced significant changes in parameter
values throughout the test. From initial through the 50~hour measurement, a large and
significant increase in all parameter values occurred. Again, in general, a significant
decrease occurred from the 50 to 168-hour measurement point, with a build-up in
significant change through the 500-hour point. From the 500~hour life test point to
5000-hours, the parameter changes seemed to decline in significance as noted by the
decreasing values of the t, Std D, and Mean D statistics. Again, all parameters
drifted downward significantly from 5000 to 10,000-hours. However, there were no
parametric failures.
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Group P versus Group C - Appendix 1l reveals the t statistics ond A values for
comparison of changes betwaan Group P and C throughout the test. For capocitance
and DF, significant changes between groups appeared between initlal and 50-hours of
life test. The change between groups seemed to decrease until the 500-hour point,
ond then jump to higher significant values. From 5000 to 10,000-hours, the difference
between groups was significant for all three paremeters. However, the significance
varied from plus (+) to minus (-), indicating that neither group was continuous!
different than the other from point to point during this period. Insulation resistance
indicated the smallest signlficant difference throughout the life test of all three
parameters measured.

DISCUSSION OF TEST RESULTS

Engineering versus Statistical Slgnificance ~ The following discussion of the test results
will be based on the CSS Sheets and t-Comparison Sheets between groups. While
statistically significant changes occurred through the program for all parameters in both
groups, it must be remembered that in no case did any test item foil catastrophically, or
any parameter degrade to the paint where out-of-tolerance mecosurements occurred. In
this context, the engineering significance of the test results is questionable, and would
tend to indicate that additional testing is required to insure that any conclusions reached
from an engineering standpoint, (i.e. - that cll units can survive the designed life test
without failing or going out-of-tolerance) are valid ones.

The interpretation of the statistical data must necessarily be a positive one, and while
the following discussion may appear to draw certain conclusions from statistical data,
the engineering significance may tend to detract from the statements that will be made

In the following poragraphs.

Group P and Group C Parameters

Capacitance = In oll cases, the first burst of 50-hours life test caused a large increase
fn capacitance. The capacitance decreased until 500~hours and then increased
significantly, After the 1000-hour exposure, the porameter values changed very little,
tending, however, to stabllize and decrease slightly in value to the 5000~hour point.

This result is highly significant in that it happened for both the screened and unscreened
Groups, P and C. In effect, the 168-hours of prior screening did not seem to stabilize
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the parts. The 1000-hour exposure point sesms to be the place at which stabtitzation
starts to take effect. This interpretation would tend to indlcate that the parts were
not burmed-in a sufficiently long enough time to cause parameter stabilization. A
case can be made for the conclusion that between 168 and 1000~hours, something
happens to the physical structure of the capacitors to cause instability, and that the
screening burn=in time of 168-hours was not sufficient to cause permanent stability.

Another cause of apparent Instability ot the initial exposure points (i.e. - 0, 50, 168,
336, and 504~-hours) may be the short time the components are in the oven compared
with actual meosurement time. In other words, taking the components in and out of
the oven over short periods of life test time, may, in effect be similar to an actual
temperature cycling of the parts, since they are allowed to return to room temperature
prior to measuring. Over a long life test measurement cycle (i.e., 1000-hours), this
effect is negligible since the parts are essentially stabilized, or becoming more
stabilized after Y000-hours.

After 5000-hours, the capacitance parameter drifted downward significantly to
10,000-hours. A highly significant dip In capacitance occurred at 6000~hours, as
shown on the X Charts. At first glance, this point would appear erroneous in view of
the return to previous capacitance values at 7000-hours. However, test set ups, chart -
recordings, temperatures and voltages, and recorded data were checked thoroughly

and no inconsistancies or errors were found in the dota. These laboratories can find

no logical explanation for this occurrence, other than a possible physical change in

the characteristics of the material occurring at this point, and perhaps signifying o
future rapid decline in capacitance.

It is interesting to note that for Group P, the 10,000-hour reading returned to almost
the exact reading taken during initial measurements, while the Group C reading at
10,000~hours was significantly lower than initial.

Diui%gﬂon Factor ~ Again, the first initial burst in temperature (i.e. ~ 50-hours) is

significant, and parameter values vary greatly for both screened and unscreened parts
(Groups P and C). However, the balance of the statistics and parameter changes appear
to be fairly random in nature for both groups, and no significant statistical conclusions
can be reached regarding part behavior up to 8000-hours. However, if dissipation
factor should be considered a governing parameter in the analysis of results, the high
significant values (i.e., t and Mean D) at 500-hours should be considered as stated in
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the previous paragraph. Also, it appears from the data that dissipation factor stabilizes
somewhat foster than capacitance. However, at 8000-hours, the parameter values
fall off sharply as shown on the X Charts and tend to level off somewhat at 10,000~hours.

4,2.3  Insulation Resistance - The first burst of 50-hours wos also very significant for the
insulation resistance parameter. Again, the 500-hour point was very critical, with
high degrees of significance occurring for both Groups (P and C). After this point,
however, the values drift down In value to the 3000-hour point, ond then tend to
Increase again to 5000=-hours and decrease significantly to 10,000~hours. However, it
has been the experience of these laboratories that random measuring errors are often the
cause of significant variances in insulation resistance readings, mainly due to instrument
accuracy and the nature of the parts themselves. Therefore, no definite conclusions can
be reached from considerations of IR variances olone, other than a general trend of
decreasing IR volues throughout the life test.

4.3 Group P Compared with Group € - Interpretation of the X Charts reveals slightly
Righer parameter readings for Group C than for Group P throughout the 10,000-hour
life test period.

Capacitance parameter t-comparison statistics reveal a high significant difference
between Group P and Group C, both 10,000~hours to initial and 5000-hours to initial.
As stated previously, Group P tended to retum to the initial measurement point readings
at 10,000-hours, while Group C drifted downward continuously from initial to 5000

hours to 10,000-hours.

The statistical results, comparing the 10,000~hour point to initicl measurements,
indicate that Group C changed significantly downward, whiie Group P changed very
little. However, this conclusion must be weighted by the fact that the initial measure~
ment of P was significantly lower than C. Actually, the X Charts show both groups
reacting about the same once stabilization is reached at about 1000-hours of life test.

An interpretation of the cbove onalysis that has statistical validity, is that post screening
measurements may be more indicative of the measurement values at 10,000 than
pre-screening, or non-screened part measurements.

The same analysis and conclusions can be reached conceming Dissipation Factor. The
mean value of P initlally was 15.8 ond 15.5 ot 10,000-hours.” The mean value of C
was 16.1 Initially and 15.5 at 10,000-hours.
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Insulation Resistance drifted downward about the same for both groups, however. The

Z statlstic on the X Charts indicates an extreme varlonce In the data means at each
measurement point, Indicating random measuring errors or other causes explained in
paragraph 4,2.3.

CONCLUSIONS

A.

No catastrophic or parametric fallures occurred during the 10,000-hour life test
program. ’

There was a definite overall downward drift in all three parameters from initial to
10,000-hours with an accelerated decline in parometric value between 8000 and
10,000~hours.

Both groups reacted significantly to the first 50~hour temperature burst and agoin
at the 500~hour point in the life test. For all parameters, stobilization did not
seem to occur until the 1000-hour point had been reached. After this point,

the parometer means for both groups tended to drift closer together and stabilize
to the 5000-hour point.

There is evidence to support the conclusion that the instability of the parts was
caused by one or a combination of two factors: (1) Physical characteristics of

the components; or, (2) the repeated removal of the components from temperature
and allowing them to return to room temperature for measurement. In effect, tha
parts may have been temperature cycied over the short time period between initial
and 500-hours due to this factor.

There was a definite significant difference between Group P and Group C for
Capacitance and DF, between initial and 10,000-hour measurements. While
both groups drifted together in the same direction during life test, Group P
retured to Its initial value, while Group C ended significantly lower. This fact
was due to the higher initial reading of Group C, Indicating that post-screening
measurements may be more indicative of parameter readings at 10,000~hours than
pre-screening or non-screened initlal measurements.
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APPENDIX |

COMPUTED STATISTICS AND t~-COMPARISON SHEETS
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indicates significance at- 005 level
Indleates significones ot .01 level
indicates significance at .05 leve
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I TEST REPORT

805 EAST CERRITOS AVENUE « ANAHEIM, CALIFORNIA

APPENDIX 1l

EQUIPMENT LIST AND TEST CIRCUITS

é
i




‘poysnlpo jou jnq ‘paxydaYd> eueMm woiBoad
189} ug pesn sjudwnuysuj * A504n>dD 3unsuy Of sjujod 9$8Yy4 {D PIIONPUOD SDM LUOUDIGEIDD) 4

syiuow ¢ %G 0¥ Eive 106 uoIsd)p 1p8u4oA OQ 2BoyjoA
syjuow 7 298 |°0 auou X09 woypig yoiop doys UO DD} 14403}3
syiuouw 9 %EF duou 9z uosduwg WOA Anuguod
V/N V/N - AZ|| seueuog 9bBosoig Ajddng 1amoy i3} 9417
syuow Z| Del¥ Z-£95 001 =VH | UoHsNquiod a3y 1did $3quioyd
syiuow Z| DelF S60LEE PL-HVV mojig 18jjo1u0d
syiuow 9 DelF 998299 | £1-291-LT-3 joisig 19p10>3Y HPYD aunjouadws |
syiuows g %1 ¥ 75£0-£00 V0S9| PIDIPDd-HIMIY 10010u89) |oubyg
syiuou ¢ %1¥ 6£8¢ VOS9|  PIDNI0d-Hd|may 10j010u99 |oubig
syiuow ¢ %ZF | LTZEE-100 aooy | PO d-iamay 1043919Q ||"N
syjuow 9 %ZF | 60LEE-100 QO0V |  PIOROG-HIMIY 1019048Q 17N
syiuow ¢ "$° 4% OF LEEY 2-91L otpoy jpseungy | efpug eounyiondo) 104204 uoiodissiq
syjuow ¢ * S 4%Z°OF 691 D-91L ojpDy |DIBUIS) aBpiig @oup4iondn) puo 3supiiddod)
syiuow ¢ %Y ¥ SvizL £ =1 [susminisu| [ojasnpy) se4owyobayy
siuow ¢ Uy F LZ8LS £ - [stuswinuisuj |o1aisnpu| 9jowyoBoyy 8oUD}SISIY UOLD|NSU|
v/N V/N auou XO€S upyny sso0|© Buydyjuboyy UOHDULWDX [DNSIA
« NOUWVIEIVD . .
10 AONINOT| AOVINIOV | “ON TVRIES| “ON TIAOW| ¥NIDVINNVW INIW4IND3 INIWRINSYIW

1S17 IN3IWJIND3

Page 47

——e—— T S S S S S e e et e o e R e e A e



Signal &

©

Generator
o~

. o e e -

©

Capacitance Bridge

G

© Null

Detector

FIGURE NO. |

L

Unknown

CAPACITANCE/DISSIPATION FACTOR TEST SET-UP

Page 48

Leta

b i e ekt



PRI TR IRRERIT L 2 S e T T e e IS - T hi e > SRA ) LSRR SRR e o Tl i Si] LR

Page 49

dN-135 1531 IDNVISISI NOLVINSNI

It "ON RNOH

By 1591 x_e.mp\./
/
sdy|> Bupds ) W M l&r . AQ
)
W
| "puo ] @

194unjoBopy

+© °- YoIMS 1501 w %u

SHO0( 33|

>0
YoIIMS 91Uy
sosi59y Hwi] - .

®21n0g

UOHOO L9 KI/K




"

3

Test Unit
—N\O—)|
1/16 A
< <
— D -
4000 Ohms
— N |—
= 200 Volt Battery J8 S
— D )|
FIGURE NO. Il
LIFE TEST SET-UP -= TYPICAL FOR EACH GROUP
Page 50



E
E

I TEST REPORT

805 EAST CERRITOS AVENUE o ANAHEIM, CALIFORNIA

APPENDIX Wil

t- COMPARISON TABLE BETWEEN GROUP P AND C
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APPENDIX 11!

t- COMPARISON TABLE

BETWEEN GROUP P AND C

S Capacitance Dissipation Factor Insulation Resistance
B A : A : A
Initial - - - - - -
50| 24.32%** .184 -2.12* -.012 -1.44 -32.8
168 10,77%*+ .077 5.26%** .032 3.08%** 73.1
336 1.01 .003 .94 .005 -1.96* -34,7
504 8.12*** | .034 6.69*** 035 | -5.41%* -46.25
1008| -4.82*** | -,020 -4,85%*¢ -.331 1.06 34.5
2000| 11.34%** .049 =5, 77%** -.028 1.36 20.2
3000| -31.58%** | -.013 1.95 .009 -4.56*** ~64.8
4000 .318 .001 -3.522***} -.014 0.078 -1.35
5000 -8.299***| -,0234 +4.068%* +.0166 -0.225 -4,50
6000 3,91wv o113 0.08 -.0003 3.61*** 74.00
7000 -18.24°** | -.0213 =5.78%%¢ -.0235 ~3.836%** -76.00
8000 4.126%** 0138 5.270%* 0194 0.693 12.95
9000 -4.660***! -,0102 -27.782*** | -.1004 4,0145%** 56.95
10000, 9.385%e* 0585 11,4234 .0496 -, 1706 -1.950
Final | 43.60%** | .3518 5.627***|  .0300 .8316 8.250

ahe

*®

Indicates significance at

Indicates significance at

Indicates significance at .005 level

.01 level
.05 level
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